Structure and function of L-lactate dehydrogenases from thermophilic and mesophilic bacteria, XI. Engineering thermostability and activity of lactate dehydrogenases from bacilli.
An extensive comparative structural analysis of lactate dehydrogenase (LDH) sequences from thermophilic, mesophilic and psychrophilic bacilli revealed characteristic primary structural differences. These specific amino-acid substitutions were found in the entire LDH molecule. However, in certain regions of the LDH an accumulation of these exchanges could be detected. These regions seem to be particularly important for the temperature adaptation of the enzyme. The influence of one of such regions at the N-terminus on stability and activity of LDHs was analysed by the construction of hybrid mutants between LDH sequences from thermophilic, mesophilic and psychrophilic bacilli and also by site-directed mutagenesis experiments at five different positions. The substitutions of Thr-29 or Ser-39 to Ala residues in the LDH from the mesophilic B. megaterium increased the thermostability of the enzyme drastically (15 degrees C). An increase of 20 degrees C could be observed when both amino-acid substitutions were introduced. These amino-acid substitutions resulted in an increase of Km for pyruvate and led to a three-fold reduction of the activity (kcat/Km) at 40 degrees C compared with the wild type enzyme. The influence of these amino-acid substitutions was also investigated in the LDHs from thermophilic and psychrophilic bacilli. The high heat resistance of the LDH from the thermophilic B. stearothermophilus was not altered by the Ala to Thr and Ser substitutions at positions 29 and 39, respectively. This indicates a cooperatively stabilized conformation of this LDH. However, in this mutant of the B. stearothermophilus LDH the activity (kcat/Km) was increased two-fold.